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ABSTRACT. The paper presents the study of some agates from the Gurasada area (Mureş Valley, West Romania)
and their igneous host rocks. Agates occur in the vesicles of strongly altered pyroclastic rocks (“banatites”), such
as basaltic andesites, trachyandesites, trachytes and dacites or in the alluvial sediments along the Gurasada valley.
The age of host-rocks is Late Cretaceous-Early Paleogene. Agates consist mainly of various types of α-quartz such
as: chalcedony, quartzine and microquartz, associated with moganite. The genesis of agates is related with the
hydrothermal solutions which altered the host-rocks.
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INTRODUCTION
The Mureş Zone of the Southern Apuseni Mountains
(Romania) consists mainly (Anđelković and Lupu, 1967;
Saccani et al., 2001; Bortolotti et al., 2002) of Middle to
Late Jurassic ophiolites and associated island arc volcanics
and Cretaceous Wildflysch sediments (Fig. 1). Late
Cretaceous-Early Paleogene magmatites assigned to socalled banatites, occur in places. In the surroundings of the
town of Gurasada (W of the city of Deva) in the banatitic
pyroclastic rocks and in the alluvial sediments of the
Gurasada River, various agates are found. The aim of this
paper is a geological, mineralogical and geochemical study
of these agates and their host-rocks.
SAMPLES AND METHODS
A number of 30 samples of volcanics and agates from
the Gurasada area were collected, and documented. Out of
all, 8 samples (4 volcanics and 4 agates from the same
rocks) were analyzed for major elements. Thin sections were
prepared at the Department of Mineralogical and
Petrological Sciences, at the University of Turin, Italy. The
thin sections were studied first under transmitted and
reflected polarized light with an Olympus BX 60 optical
microscope equipped with a JVC 3-CCD Colour Video
Camera. After coating with carbon, the thin sections were
investigated with a Cambridge Stereoscan 360 SEM
equipped with an EDS Energy 200 and a Pentafet detector
(Oxford Instruments) at the Department of Mineralogical
and Petrological Sciences, University of Turin, Italy. The
operating conditions were: 50 s counting time, 15 kV
accelerating voltage and 2.70–2.80 A beam current. The
SEM-EDS quantitative data (spot size = 2 µm) were
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acquired and processed using the Microanalysis Suite Issue
12, INCA Suite version 4.01 software. The raw data were
calibrated on natural mineral standards and the φρZ
correction (Pouchou and Pichoir, 1988) was applied.
Wet-chemical analyses of the agate-bearing volcanics
were carried out at Prospectiuni S.A. Bucharest using a set
of standard methods for quantitative analysis (gravimetry,
colorimetry and absorption spectrometry) following the
techniques recommended by Maxwell (1968) and Iosof and
Neacşu (1980). The Penfield method was used for water
determination.
For measuring the agate toughness, the cylinder splitting
test known as the Brazilian test, was applied. The Brazilian
test is well adapted for the measurement of toughness and
the characterization of the BDT (brittle to ductile transition)
of materials which are brittle at room temperature. The test
was carried on at the University of Manchester, Great
Britain, with a simple motor-driven press, by applying
compressive forces on two opposite generatrix of a cylinder.
This has caused an uniform tensile stress on the plane
containing the axis of the cylinder and the generatrix,
leading to mode I cracking.

GEOLOGICAL SETTING
According to Rădulescu and Dimitrescu (1982), north of
the Mureş River on the southern border of the Apuseni
Mountains, as well south of the Mureş Valley close to the
Southern Carpathians, intermediate to acid volcanics occur,
within the ophiolitic zone or south of it. The most
representative rocks are: basaltic andesites, biotite and
hornblende andesites, hornblende andesites, quartz andesites
with hornblende and pyroxenes, pyroxene andesites,
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trachyandesites, trachytes and dacites. They form either lava
flows and subvolcanic intrusions or pyroclastic flows. Until
1983, several authors, e.g. Kadič (1906), Papiu (1954), Savu
(1962), Peltz and Peltz (1965), Ghiţulescu and Borcoş
(1966), Rădulescu and Borcoş (1968), Ianovici et al. (1969),
Popescu (1983, 1984, fide Borcoş et al., 1986) regarded
these rocks as Neogene in age. The general opinion has
changed since 1983, when Popescu (fide Borcoş et al.,
1986) identified in the area SE of Gurasada, in the sediments
associated with the volcanics, a Late Cretaceous-Early

Paleogene microfauna. Savu et al. (1984, unpublished data)
established a radiometric age of 59.6 ± 2.4 Ma (i.e.,
Paleocene) for a biotitic tuff and thus considered the
volcanics as products of the banatitic magmatic event (Savu,
1984). Based on K-Ar data, Constantina (2008) established
a Late Cretaceous age for the pyroclastic rocks from
Gurasada. Like the similar magmatites from Banat their
genesis is related to the subduction of a Late CretaceousEarly Paleogene ocean and the volcanics reflect a
continental island arc setting (Savu et al., 1992).

Fig. 1. Map of the Gurasada area (simplified after the Geological Map of Romania, 1:50.000; Gurasada Sheet; Lupu et al., 1986).

OCCURRENCES
The agates occur sporadically over the whole area, in the
vesicles of strongly altered pyroclastic rocks (banatites),
such as basaltic andesites, trachyandesites, trachytes and
dacites, but mainly west of the Gurasada brook. Agates can
also be found in the alluvial sediments of the Vica, Sârbi
and Cărmăzîneşti brooks (Fig. 1). The separation of the
host-rocks has been done based on petrographical and
geochemical data (Table 1). The SiO2 content varies
between 56.78 and 67.77 wt.%, higher in trachytes and
lower in basaltic andesites. Al2O3 content is generally near
15-16 wt.%, a bit higher in trachyandesites. Fe2O3 is higher
in dacites (around 4.50 wt.%) and lower in tracyhtes. FeO
and MgO are generally low in dacites and trachytes. Na2O
and K2O are generaly less than 5 wt.%. An important
difference can be noticed in the CaO, which is higher in
basaltic andesites and lower in trachytes.
MINERALOGICAL DATA
Gurasada agates are often large, up to 15-25 cm in
diameter. Together with agates, in the Gurasada area usually
various chalcedony, jasper, petrified wood (Fig. 2), opal,
quartz, amethyst, zeolites, celadonite, calcite, siderite,
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pyrite, marcasite, goethite and hematite may occur.
Celadonite forms frequently the green cover that surrounds
the agates. Several textural types of agates were identified:
(1) brecciated agates (Fig. 3), (2) carnelian agates, (3)
concentric (wall-layered) agates (Fig. 4), (4) moss agates,
(5) tubular agates and (6) vein agates. They are
characteristically coloured in shades of yellow-brown or
bluish-grey. The characteristic features clearly visible in cut
or broken agates are: the “skin”, concentric layers of lengthfast fibrous chalcedony, an inner layer of coarse length-slow
quartz crystals and a centre of large quartz crystals (Fig. 5).
Some agates show the so-called structure "escape tube",
which indicates that chalcedony or quartz has undergone
deformation just before crystallization. This structure is
often associated with a balloon-shaped structure called
"dilatation on the escape tube" and with a crack in the clear
chalcedony layer which in turn leads directly to a small
mark on the exterior of the agate called "agate dyke"
(Macpherson, 1989).
According to Moxon and Reed (2006), most of agates
consists of a mixture of two silica polymorphs: α-quartz and
moganite. Among the quartz structural types, the length-fast
chalcedony (chalcedony s.s.), quartzine (also called lengthslow chalcedony), pseudochalcedony and microquartz are
the most common. The crystal structure of moganite
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(formerly "lutecite") has been described as the alternate
stacking of layers of left- and right-handed quartz at the
unit-cell scale (Miehe and Graetsch, 1992).
Table 1. Chemical composition of some agate-bearing volcanic
rocks from Gurasada. Abbreviations: GS1- basaltic andesite;
GS10 - trachyandesite; GS11- dacite; GS13 - trachyte.
OXIDES
(wt%)
SiO2
TiO2
Al2O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K2O
P2O5
CO2
S
H2O+
Total

Samples
GS1
56.78
0.82
15.94
3.90
3.33
0.15
4.56
7.03
2.26
2.70
0.31
0.10
2.06
99.94

GS10
58.84
0.55
16.18
2.98
2.38
0.09
3.54
6.51
4.01
2.34
0.21
2.33
99.96

GS11
65.63
0.50
15.47
4.56
0.31
0.04
0.74
4.96
2.63
3.16
0.26
0,18
1.51
99.95

GS13
67.77
0.77
15.22
1.77
0.54
0.03
0.68
1.78
5.01
3.86
0.20
0.89
0.08
1.32
99.92

Fig. 4. Concentric agate from Gurasada.

Fig. 5. Large quartz crystals in the center of a concentric agate
from Gurasada.

Fig. 2. Petrified wood from Gurasada.

Fig. 3. Brecciated agate from Gurasada.

The typical texture of agates observed under the polarized
light microscope is the fibrosity, usually formed after the
crystallization has started from small spherulites. The main
textures observed in the Gurasada agates are the long fibres,
the spherulites and the block system (acc. to classification of
Moxon, 1996; Fig. 6). Approximately 60% of the inner area is
composed of typical chalcedonic quartz, i.e. the fibrousgrown type (Fig. 6a). It frequently takes over from the sheaflike forms type (Fig. 6b) and sweeps towards the centre.

Fig. 6. Microtextures of agates as observed in polarized light
(Moxon, 1996).

In the concentric (banded) agates, the length-fast
chalcedony fibres radiate towards the centre of the geode
from many nucleation points located on the wall surface,
and form parabolic fibre bundles. The interference of the
neighbouring bundles results in a parallel/concentric texture.
Between crossed polars, the wall-lining chalcedony exhibits
rhythmic extinction showing bands normal to the direction
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of the fibres elongation (Graetsch, 1994). Quartz crystals are
usually found in the centre of the agates.
According to Pop et al. (2004) all gem-quality SiO2
varieties, including the „amorphous” ones (opals, silicified
wood) from Gurasada, may contain moganite in variable
amounts (from traces up to 75 wt.%). No correlation
between the colour of the gem material and the
mineralogical composition has been found so far.
Due to its compact microstructure, agate is exceptionally
hard. The Brazilian test of an agate fom Gurasada revealed a
high value of 23.85 MPa for the tensile strength at failure
(the resistance of a material to a force tending to tear it
apart, measured as the maximum tension the material can
withstand without tearing) which was caused by a force of
16.79 kN (Fig. 7).

Fig. 7. The tensile strength at failure for an agate
from Gurasada.

MINERAL-CHEMISTRY
The chemical analyses of 4 agate samples (Table 2) done
by a combined JEOL 6400 scanning electron microscope
(SEM) with EDS at the University of Manchester, England,
show high values of SiO2 (95.87-99.20 wt.%) and minor
amounts of Al2O3 (0.10-1.30 wt.%), Fe2O3 (0.20-1.45
wt.%), CaO (0.05-0.56 wt.%), MgO (0.00-0.16 wt.%), Na2O
(0.03-0.25 wt.%), K2O (0.00-0.16 wt.%). The Al2O3, TiO2,
Fe2O3, MgO, and CaO contents are higher in agates
occurring in basaltic andesites. With values up to 2.06 wt.%,
the water content is slightly above the 1.5 wt% value of
Miehe and Graetsch (1992). According to Moxon and Rios
(2004), the molecular (free) water was found to be
independent of age but maturation produced a general
decrease in both the moganite and internal water. The same
authors stated that internal water is involved on the
transformation of moganite into chalcedony and this change
is responsible for an internal growth in chalcedony
crystallites.
The large quartz crystals in the centre of the agates
contain much less iron, aluminum, calcium etc. than the
surrounding layers. Thus, most likelythey grew from more
pure solutions than those which contained the silica gels
from which, the fibrous chalcedony was diagenetically
formed.
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Table 2. Selected EDS analyses (recalculated to 100%) of some
agate samples from Gurasada. Abbreviations: AGS1 - agate from
basaltic andesites; AGS10 - agate from trachyandesites;
AGS11 - agate from dacites; AGS13 - agate from trachytes.
Oxides
(wt%)
SiO2
TiO2
Al2O3
Fe2O3
MgO
CaO
Na2O
K2O
SO3
Total

AGS1
95.87
0.40
1.30
1.45
0.16
0.56
0.03
0.00
0.23
100.00

Samples
AGS10
AGS11
98.08
98.49
0.11
0.07
0.65
0.57
0.43
0.29
0.07
0.02
0.38
0.24
0.05
0.12
0.05
0.12
0.18
0.08
100.00
100.00

AGS13
99.20
0.00
0.10
0.20
0.00
0.05
0.25
0.16
0.04
100.00

DISCUSSIONS CONCERNING THE GENESIS OF
AGATES
Recent isotopic research (Harder, 1994) suggests that
agates form at low temperatures, around 100°C as byproduct of the clay mineral genesis, upon the complete
cooling and the burial of the volcanics to a depth of 100 to
200 meters. According to the same author, during the
weathering process of the volcanic rocks, Fe-rich clay
minerals such as celadonite or delessite, usually found in the
green crust of the agates, occur and the remaining SiO2-rich
colloidal solutions fill in the voids of the rock, i.e. vesicles.
The geochemical study of Götze et al. (2001) demonstrated
that the formation of agate can be a complex, multi-steps
process which takes place during the formation and
alteration of the parental volcanic rock. The trace element
and the isotope data lead to the conclusion that the SiO2
necessary for the agate formation is mobilized during the
alteration of the volcanics by own hydrothermal solutions
(auto-metasomatosis). We agree with the idea proposed by
Moxon and Rios (2004) that hydrothermal solutions are the
source of the silica in all cases of agate genesis in an
igneous environment.
CONCLUSIONS
The main types of agates from the Gurasada area can be
separated as follows: brecciated agates, carnelian agates,
concentric (wall-layered) agates, moss agates, tubular agates
and vein agates. The main textures observed in the Gurasada
agates are the long fibres, the spherulites and the block
system (acc. to classification of Moxon, 1996). The
chemical analyses show some slight differences regarding
the SiO2 content (lower in agates from basaltic andesites)
and the Al2O3, Fe2O3, MgO and CaO contents (higher in
agates from basaltic andesites). No correlation between the
water and moganite contents has been found so far. More
detailed techniques are needed in order to estimate the
genesis of the agates from the investigated area.
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